INTRODUCTION
Streptomycetes are Gram-positive bacteria that grow as branching filaments. They produce a vast array of medically important secondary metabolites, such as antibacterial, antifungal, and antitumor drugs. Streptomycetes are able to grow through membrane filter. One can take advantage of this in isolating selectively Streptomyces species from samples of soil [1, 2] .
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The hyphae of streptomycetes have a mean diameter of about 0.7 /~m; however, they can propagate and easily grow through the pores of a membrane filter as small as 0.2 #m. There are basically two grow-through mechanisms: (a) The cells can widen mechanically or metabolically the pores of the filter. (b) The cells may be able to deform. This ability can allow the cells to squeeze through small filter pores.
To distinguish between these alternatives, we have examined the grow-through mechanism of streptomycetes using polycarbonate nucleationtrack membrane filter with a unique capillary-pore structure and a sharply defined pore-size distribution.
MATERIAL AND METHODS
The microorganisms used are listed in Table 1 . Fungi were kindly supplied by Professor T. Anke, Kaiserslautern. Bacteria were grown on solid Difco antibiotic medium no. 3 at incubation temperatures as indicated in Table 1 . Streptomycetes were grown at 27 °C on sporulation agar consisting of 1% soluble starch, 0.4% yeast extract, 1.5% agar; pH 7.5. Fungi were grown at 27 °C on GYM agar were purchased from Nuclepore, Tt~bingen.
Grow-through test
A filter, autoclaved at 121°C for 20 min, was placed on the surface of a suitable solid medium. where the filter has been placed.
Preparation for microscopy
For scanning electron microscopy, cellulose or polycarbonate filters, grown through with S.
tendae, were fixed in 2.5% glutaraldehyde buffered at pH 7.4 with cacodylate buffer, dehydrated in an ethanol series, and critical-point dried. Specimens were then coated with gold-palladium and observed in a scanning electron microscope at an operating voltage of 10-20 kV.
RESULTS

Filtration
Filtration is widely used to sterilize solutions. Filters have a porous structure, and entrapment occurs mainly on the basis of particle size. Membrane filters with a pore size of 0.45 ~m in diameter generally retain most organisms. There are a few bacteria, such as Mycoplasma species, that are small or flexible enough to penetrate 0.45-/~m filters. We have passed liquid cultures of all microorganisms listed in Table 1 through two types of membrane filters (0.45-/xm cellulose nitrate and 0.40-/~m polycarbonate membranes). The filtration process permitted a complete elimination of all cells from the culture fluid as measured by viable counting (data not shown).
Grow-through
Inert particles, once entrapped by a filter, usually remain attached to that filter. This is not necessarily true for microorganisms, because they can reproduce and possibly grow through the filter. Experiments were performed to determine the grow-through effect of microorganisms. The influence of three variables was tested: filter type, filter pore size, and test organism. The results are shown in Table 1 . Grow-through did occur for the streptomycetes in 1-2 days with the two types of membranes and was dependent on the pore size of the filters. The minimal pore size for a positive grow-through effect was determined to be 0.15-0.1 and 0.2 ~m for cellulose nitrate and polycarbonate filters, respectively. In contrast to streptomycetes, most of the bacteria and fungi could not migrate through 0.45-/xm cellulose nitrate or 0.4-/~m polycarbonate filters during 8 days. In a study of a mixed culture in which two species were present~S, tendae and one strain of the bacteria or fungi listed in Table 1, respectively   261 --only the streptomycete was able to grow through 0.15-~tm cellulose nitrate or 0.2-/~m polycarbonate filters to the agar surface.
It is possible that streptomycetes can transverse filter matrix by changing themselves into spheroplasts, that are flexible enough to penetrate small filter pores. We could have demonstrated that this was not true. The antibiotic kirromycin inhibits the prokaryotic protein biosynthesis by acting on the elongation factor Tu [3] . S. ramocissimus ATCC 27529 was found to be in vivo resistant and in vitro highly sensitive to kirromycin [4] . The antibiotic resistance of the whole cells was considered to be due to the impermeability of the cell wall. With kirromycin in the nutrient agar (5 /zg/ml), S. ramocissimus grew as well on as below the 0.2-/~m polycarbonate filter. Thus, the permeability barrier of this strain towards kirromycin provided by the cell wall still exists during the movement through the filter and the organism is protected against the bactericidal action of the antibiotic.
3. Scanning electron microscopy
Scanning electron microscopy is suitable to define the three-dimensional forms of microorganisms and to demonstrate topographic relationships of bacteria growing in various associations. Therefore, we used this technique to study the mechanism which led to passage of streptomycetes through membrane filters. Fig. 1 is a view on the underside of a cellulose membrane filter with a rated pore size of 0.2/~m, illustrating the leaving of S. tendae hyphae out of the foamlike filter matrix. The dimension of the microorganism shown in Fig. 1 is about 0.7 /am in diameter. It is quite obvious that the nominal pore size does not correspond to the actual size of the crevice-shaped pores of this filter type. Numerous pores were much larger than the organism suggesting that the hyphae grew unhindered through these pores of the homogenous filter matrix. In addition, other scanning electron micrographs also revealed a branching growth within the filter. With this conventional membrane filter type, however, we could not show, whether the hyphae could widen the filter pores or could deform themselves. Using Nuclepore membrane filters, we demonstrated that S. tendae hyphae could squeeze through the small pores of the filter. This kind of filter consists of a dense polycarbonate film through which precisely defined cylindrical holes have been etched. Fig. 2 is a view on the topside of a polycarbonate membrane filter with a pore size of 0.2 t~m. The scanning electron micrograph illustrates a hyphal tip, which has been grown tightly to a filter pore (and probably in a strongly constricted form through the pore, 10 /~m in length). Fig. 3 is a view on the underside of a Fig. 3 . Scanning electron micrograph of the underside of a polycarbonate membrane filter with a pore size of 0.2 ~tm, illustrating the emergence of a S. tendae hypha out of a double pore (bar, 1 /zm).
polycarbonate membrane filter with a pore size of 0.2 /~m, illustrating the emergence of a S. tendae hypha out of a double pore. The hypha is not permanently narrowed, but will quickly regain its original form demonstrating the ability of the cells to squeeze through the small filter pores. However, there were also morphological changes of the hyphae after bacterial penetration through the filter. Hyphae were often altered to irregular cell crowds or helical structures (Fig. 4) . No abnormally large filter pores created by the cells were found. Bacteria are surrounded by a rigid cell wall, which confers upon them their characteristic shape. Using Nuclepore membrane filter we have demonstrated that streptomycetes display some plasticity, constricting into a minimal form (hypha: about 0.2 /~m in diameter) or enlarging into a normal form (hypha: about 0.7 /~m in diameter). This plasticity of streptomycetes within the filter pore is not due to the formation of spheroplasts lacking the rigid component of the cell wall. It was found that the permeability barrier of S. ramocissimus towards kirromycin provided by the cell wall still exists during the movement through the filter. Thus, the plasticity seems to be an intrinsic feature of the streptomycetes. Probably, it enables these bacteria to penetrate into small capillaries of soil particles at their natural habitat.
The streptomycetes tested could not grow through 0.1-#m pores. This is not surprising, taking into consideration that the wall of Gram-positive bacteria is about 40 nm in thickness [5] . In the remaining protoplasmatic filament, 20 nm in diameter, there is virtually no space for essential organelles such as ribosomes 25 nm in diameter [6] .
Already the growth of streptomycetes through pores as small as 0.2/lm in diameter is critical for 263 the cells inferred from the arising of morphological alterations. Numerous hyphae are altered to irregular cell crowds or helical structures suggesting a considerable disturbance of the cell wall or cell envelope synthesis. Interestingly, these helical structures look like the helical superstructures of a multiple mutan~t of Bacillus subtilis [7] . Alternatively, one can speculate that the helical structures arise from hyphae, which have branched within the 10-/~m long pore and then the 2 branches grow out of the pore in a coiled form.
The advantage that membrane filters offer for the isolation of streptomycetes from soil has been pointed out [1, 2] . We would add additional advantages. These include: (a) Immobilization of streptomycetes in the filter matrix. (b) Separation of aerial and substrate hyphae during the Streptomyces life cycle. (c) Induction of helical hyphae.
